A retrospective cohort study was conducted to analyse the effectiveness of bevacizumab and irinotecan (BVZ/ CPT-11) as a second-line treatment in patients with primary glioblastoma multiforme (GBM) in comparison with a control group that were not administered BVZ/CPT-11 at the first recurrence. The difference in overall survival (OS) between the two groups was used as a predictor of effectiveness. OS was calculated according to prognostic factors and gender. A total of 28 and 32 patients were enrolled in the BVZ/CPT-11 cohort and control group, respectively. The median OS was 17.94 months (95% CI, 14.91-20.96) in the BVZ/CPT-11 treatment cohort and 10.97 months (95% CI, 7.65-14.30) in the control cohort. The results obtained on the effectiveness of BVZ/CPT-11 treatment in patients with primary GBM are consistent with data from previous studies. No significant differences were identified in OS based on prognostic factors; therefore, the latter cannot be used to select patients who would incur the greatest benefits from BVZ/CPT-11 treatment.
Introduction
Glioblastoma multiforme (GBM) is a type of cancer that affects the glial cells in the central nervous system (CNS). It is the most common (1) and aggressive type of primary brain tumour in adults and its outcome is fatal (2) .
In 2010, there were 22,020 new cases of primary brain tumours diagnosed in the USA and approximately 13,140 mortalities (3). The incidence of brain tumours has increased over the past 30 years, particularly in the elderly (2) . GBM is the most common type of brain tumour in adults and accounts for 54% of all gliomas (1) . The highest incidence is identified in adults over the age of 45 years (5) . The prevalence is higher in males compared with females, and in two studies conducted in France (6) and the USA (7), the male to female ratio was 1.6:1 and 1.48:1, respectively.
The Hospital Universitario Central de Asturias (HUCA) is the referral hospital in Asturias (Spain). Among the 1 million inhabitants of Asturias, 4,580 tumours were diagnosed in 2008, of which 3% were brain tumours. GBM had the highest incidence and accounted for 19 .3% of all brain tumours (8) .
More than 90% of GBMs are primary tumours. They generally have a clinical history of less than one year and are more frequent in elderly patients. Despite a multitude of scientific advances, the median survival time for these patients receiving standard treatment [surgical resection, radiotherapy (RT) and temozolomide (TMZ), followed by six maintenance cycles of TMZ] remains low, at approximately 14 months (9,10).
The prognosis for patients with GBM appears to be influenced by a number of factors. Certain factors that have been suggested to predict a good prognosis include age (adults under 58 years have better rates of survival and progression-free disease) (11), Karnofsky Performance Status (KPS) ≥70-80% at diagnosis (12) , absence of anaplastic cells, existence of oligodendroglial elements, tumour size and type of surgical resection (complete resections have been identified to have better survival data) (13) , and preserved cognitive status (10) .
The use of bevacizumab and irinotecan (BVZ/CPT-11) in GBM is based on the fact that these tumours are highly vascularised, and preclinical data demonstrate that glioma growth is dependent on tumour-associated neovascularisation (14, 15) . In the 1970s, Folkman (16) proposed the hypothesis of using angiogenesis as an anticancer therapeutic target. Based on these theoretical premises, it appears reasonable to use an antivascular endothelial growth factor agent (anti-VEGF), including BVZ, for this type of tumour. However, anti-VEGF is rarely used in GBM. BVZ studies are now at phase II and it appears that in addition to being active in GBM, it is also well Effectiveness of the bevacizumab-irinotecan regimen in the treatment of recurrent glioblastoma multiforme: Comparison with other second-line treatments without this regimen tolerated (17, 18) . The antiglioma biological activity of BVZ has also been demonstrated (19) , with results superior to those obtained in previous studies (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) . In May 2009, the US Food and Drug Administration (FDA) approved the use of BVZ as a single agent for patients diagnosed with GBM and disease progression who were previously treated with the standard first-line treatment (36) . However, BVZ is not yet administered for any line of GBM treatment in Europe, with results pending from phase III studies to confirm efficacy data.
Materials and methods

Study design.
A retrospective cohort study with a control group was conducted to compare the effectiveness of two chemotherapy treatments in terms of overall survival (OS) in two patient cohorts. The study was approved by the ethics committee of Central University Hospital of Asturias, Asturias, Spain. Consent was obtained for use of patient data. Inclusion criteria. All patients were histologically diagnosed with primary GBM between 2002 and 2009 at HUCA. Patients were over the age of 18 and underwent surgical procedures regardless of the type of resection, including biopsies. The control cohort consisted of patients who received a first-line treatment with TMZ concomitantly with RT and/or maintenance cycles that were conducted until completion or progression. The control patients did not receive second-line treatment or the second-line treatment differed from that of the study cohort. The study cohort consisted of patients who met the control cohort first-line inclusion criteria and also received BVZ/CPT-11 regimen as second-line treatment.
Study population
Exclusion criteria. Patients who did not meet all the inclusion criteria and those lacking any data required for analysis were excluded from the study.
Definition of endpoints Primary endpoints (quantitative variables).
The primary efficacy endpoint of the study was OS, which was calculated from the time of diagnosis to the date of the last observation in the patient's medical record or mortality. Interim survival (IS) following second-line treatment with BVZ/CPT-11 was measured from the start of the second-line treatment to the date of the last observation or mortality. Time to progression (TTP) following first-line treatment was also calculated, representing the time from the start of treatment until the time of disease progression as defined by the oncologist.
Secondary endpoints (dichotomous and qualitative variable). The secondary endpoint was the type of second-line treatment received, identifying whether the treatment included the BVZ/CPT-11 regimen.
Data analysis. An assessment of differences in effectiveness was conducted by comparing the OS and TTP values between the cohorts using SPSS version 18.0 (SPSS, Chicago, IL, USA). Firstly, the two study samples were identified, the means and standard deviations were calculated for the quantitative variables and absolute and relative frequencies were calculated for the qualitative variables. OS was identified using the Kaplan-Meier method, which was conducted in each study group, and the curve was plotted using a primary independent variable. Subsequently, the difference in the survival rate of each group was compared, taking into account each possible risk factor, using the log rank hypothesis. P<0.05 was considered to indicate a statistically significant difference.
Results
Patients and treatment.
The control cohort (without BVZ) consisted of 32 patients. Among the 128 patients initially receiving TMZ, the following were excluded: 25 patients whose diagnosis was not brain tumour, 55 with a diagnosis of low grade glioma, 11 with secondary glioblastoma and six who were diagnosed prior to 2002.
The study cohort (with BVZ) consisted of 28 patients. Among the 36 patients who were initially diagnosed with glioma and treated with BVZ/CPT-11, 8 patients were excluded when their initial diagnosis did not correspond with primary GBM, which was the subject of study.
The clinical and demographic characteristics of the patients included in the two cohorts are summarised in Table I , and the different treatments that were administered are identified in Table II . Fig. 2) . The difference in TTP was also calculated following BVZ/CPT-11 administration as second-line treatment. This was identified to be 5.75 months (95% CI, 4.58-6.92).
The duration of first-line treatment was also compared between the two cohorts. The median duration of TMZ treatment was 6.67 months (95% CI, 6-287-7.052) in the study cohort and 4.14 months (95% CI, 1.686-6.594) in the control cohort (P= 0.004).
Survival and risk factors. Survival was analysed for these variables by applying possible confounding variables. Table III reveals the median survival with CIs for the two cohorts by gender and age divided into two groups (<58 and ≥58 years). KPS score was also divided into two groups (<80 and ≥80%). Finally, the type of surgical resection was analysed.
Discussion
As shown in Table I , there are no differences between patients in the two cohorts with regard to variables that may act as confounders. The variables were similar to those identified in other studies. For example, the median age, KPS score, gender ratio and the different types of resection observed in the two cohorts, were similar to those identified in previous studies (9, 10, (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) .
When comparing OS data in patients treated with and without BVZ, it is evident that the median OS from diagnosis increased by almost 7 months in the BVZ treatment cohort (P=0.001). In relative terms, this represents a 50-60% increase in OS. However, it should be noted that patients did not receive the same number of first-line treatment cycles in the two cohorts, as discussed below.
Results for OS in the BVZ cohort were similar to those reported in the few phase II trials that were available at the time of writing. Vredenburgh et al (20) and Friedman et al (17) identified that the median OS from the start of BVZ/CPT-11 treatment was 9.8 and 9.2 months, respectively, compared with the 8.8 months demonstrated in our study.
Certain factors may have influenced these small differences. In our study, 17.9% of patients in the BVZ cohort had a KPS score of <70%, while other trials established a KPS score of ≥70% as an inclusion criterion (19) , and the percentage of these patients was much lower than in our study (20) . There were also other criteria, such as <1.5 mg/ml bilirubin and a certain platelet count, which we did not take into account. It should also be noted that we did not have the date of mortality for 12 patients, which also may have influenced our lower OS figures.
The OS value of the non-BVZ cohort (10.97 months) was significantly different from the 14 and 15 month OS that was demonstrated by Stupp et al (9) and Seiz et al (36) , respectively. This discrepancy may be attributed to the fact that 66.7% of the patients in our study were diagnosed and treated before 2005, which is when the study by Stupp et al (9) was published, establishing the grounds for concomitant TMZ and RT and the six maintenance cycles. Until then, fewer cycles of TMZ were administered, usually entailing four 28-day cycles with one to five days of treatment. Additionally, patients who underwent complete resection did not receive cycles concomitantly with RT. The characteristics of our patients also differed from the study by Stupp et al (9) . The latter required adequate renal and liver function tests and blood values within a certain range as an inclusion criterion, and we did not take these parameters into consideration when enrolling patients in our study.
TTP data identified following first-line treatment with TMZ and RT in the BVZ cohort was similar to data from previous studies, which refers to progression-free survival (PFS) of 6.9 months (9). In the non-BVZ cohort, TTP was 4.07 months. The difference between these figures can be explained as previously stated.
It should be noted that TTP is not exactly comparable with PFS. TTP does not take into account mortalities without progression or mortalities from other causes, which are included in PFS. Furthermore, we collected data from the time that the oncologist reported clinical progression, and not when progression was observed on nuclear magnetic resonance (NMR). Therefore, there may be some time bias between the time when the NMR was conducted and the time when the doctor in charge of follow-up confirmed that the image represented disease progression.
By comparing TTP data from the two cohorts, it is apparent that there is a statistically significant difference between the two (P= 0.018). To discover the reason for this difference, we measured the duration of TMZ treatment in both cohorts and, as predicted, the median duration of TMZ treatment in the BVZ cohort was longer than in the control cohort (P=0.004).
A multivariate analysis did not reveal any statistically significant differences in OS among the variables we considered as confounders. However, the clinically significant differences we identified are noteworthy.
With regard to gender, no differences were identified in either of the cohorts. In terms of age, OS data for the BVZ cohort was almost equal in the two age groups (<58 and ≥58 years); however, there were differences in the OS data for the non-BVZ cohort for both age groups. The <58-year-old group had an OS of 14 months (95% CI, 13.27-14.84), while the ≥58-year-old group had an OS of six months (95% CI, 4.69-7.16). We identified similar data in a previous study (8) . Younger patients (under the age of 58) have been reported to have a better prognosis, with better rates of survival and progression-free disease (11) . Therefore, it cannot be said that BVZ is more effective in one age group than another, because the data are similar for this cohort.
With regard to KPS score, patients with a higher KPS score demonstrated better survival data. This was clinically significant in the BVZ cohort; however, it does not signify that these will be the only patients who will benefit from BVZ treatment.
Finally, analysis of the type of surgical resection demonstrated that the OS data was better in patients who underwent complete resection, with the exception of the BVZ cohort, where patients who were biopsied had the longest median OS. However, there were only two patients in this subgroup and the data should not be considered.
In this study, based on the results obtained, we can conclude that the BVZ/CPT-11 regimen is effective as a second-line treatment of primary GBM. According to our analysis, we can predict that patients with a higher KPS, lower age and complete Table III . OS data by subgroup for each variable. resection may have a longer life expectancy; although, we should not select these patients alone as the sole beneficiaries of second-line treatment with BVZ-CPT11. Cost-effectiveness studies should be conducted to ascertain whether the cost of treatment is sustainable when there are budget constraints.
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